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im^m 1 1 
[mMm2] 

#® t i- ^ IS*]® 1 ISmoMi^-:* ^ 7>^So 
lli*:^ 6 1 

, ±.Um 1 <7)fIjti5j:(^"±iE^2coMtt7>^'^4^,^Hi5tt>&«T-^.<7)»T-;^;:t;^14^tiJ^ 

^ 1- ^ If 9 %im<Dm^ij ^ ^^m.o 
1 1 ] 

IW*:^ 1 2] 
[tt#]^ 1 3 1 

m^m 1 4 1 
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[iS^]g 1 5 1 

1 Oflt^is i 2 OfIit(i'?-n-e~:jxG a A s ^ /if± I n G a A s ^^"b 4^ i9 

. ±IEh T^JttiA 1 G a A ^h^^Wt-f hmim. \ 3ie«Oi 

[|»5}5JI 1 6 I 

m^M. 1 81 

m^m-htahZ-h 1 7|em<Os:T-5^;:f >^^Mo 

[IS*]^ 1 9 1 

±M.% 1 <^fllti3 J: O^JilEI^ 2 <DmmiitM'iX G a As tfzlil nGaAs^i-fb^t^) 
. ±fe h ^^^^Uvs-ij TMJtfiA 1 G a A s5i>-^^r^^i:^#iJ:tf ^If^l^iSl 7fB«oa 

[i»*:p,2 0] 

i^#tt'btL^mT^^*-r^^2(7>Mitfc75^'5:v^:i^«LTfstt'b;ii. ±ie» i o^itt 
[if*^,2 1 1 

-t^^^t a: i- w^]« 2 0 fHmo^T- ^ ^ (Dmmi^mo 
[mi^^.2 2 1 
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[0 0 0 1 1 
[0 0 0 2] 

^>*)^^> ^^1-mi-tLX. MO S - F E T(i?l'f-t<7)*^#i^^xTv^^o -e-LT, 
I 0 0 0 3 1 

[ 0 0 0 4 ] 

« l¥ V ^ ^ #m# ^ O Tj-'fi^^ :^ ;r X * ^ o 
[ 0 0 0 5] 

-iix. mmm=^-h^wmit^i^-x'A'j< ^(om^^zmc^ibhixtzmi-\tm=f-t}m'^ 
mij^mt-ox^^^o 

. y y ^ ^ )V ' T CT') Y (fractal aggregate) II j3tt>2):77^^;i/^7C^r$IJ^i->2>.^ 

t[zx.:bmm mmm-^m2. 3.4). ^mmmmmzii\,'t:bm^mm mm^-xm 

5) . ti:ti)^'^tt^£ii(Dt\^Xm^fhiX^o 
[0 0 0 6] 

\ R.Ugajin.Physica A 237,220(1997) 
{m^-l^-X^2 \ R.Ugajin,S.Hirata,and Y.Kuroki , Physica A 278,312(2000) 
[0N#lt:i:M3l R.Ugaj in,Phys.Lett. a 277,267(2000) 
[##i1^:fci^4l R.Ugajin.Physica A 301,1(2001) 
in^^SCM 5 ] R. Ugaj in, J . Nanotechnol . 1, 227 (2001) 
[0 0 0 7 1 

mm^^^. Mrrn^i'Zx^xmmLni'Zt^mmQ^^zmLx^fz i$ms^xme. 

<7) M-^^ m# ^ eniJDi- ^ i: i o T . ^ <7)^ <7)f5#i4 ^ -r ^ c: <>: j&^T- § ^ c: 1 75* 
^^tLTv^^ ($mn:$:Ui 0. 11)0 

[^Nff^:5:iJ^6 1 R.Ugajin,J.Appl.Phys.76,2833(1994) 

[WWPf1CM7] R.Ugajin.Physica E 1,226(1997) 

[m^WIC^S] R. Ugaj in.Phys. Rev. B 53.10141(1996) 

[$¥WPf':ScM. 9 1 R. Uga j i n, J . Phys. Soc. Jpn. 65. 3952 (1996) 
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{$mff1cmi 01 H.Sakaki,Jpn.J.Appl.Phys.21,L38l(l982) 

[m^W[':Scmi 1] K.Hirakawa.H.Sakaki.and J. Yoshino.Phys. Rev. Lett. 54. 1279(19 

85) 

10 0 0 8] 

4- i3 . m^mumtfA ^m^^rm^^Jt:^ ^^^^ Lxy^^^i}-tnt-^ x-^h^tifi 

^^$tiTv^^ (^^#si=:fcil^ 1 2. 1 3) o 

1 2] L. E. Reichl , The transition to chaos: in conservative classic 
al systems: quantum mani festat ions(Springer. New York, 1992) 

{^^^^wf%W. \ 3 1 F.Haake, Quantum Signatures of chaos, (Springer-Ver lag, 1991) 
) tfz. »^■:^:t;^14<7)^^p^^Sfitl^2il-<-|,;t:i6(7)/^•7^ t LT. Berry-Ro 
hnxk^^y ^-^ p-h^h fix i5n (IMf It^i^ 1 4 ) . i***i5mo|Effl-e ^ fifS:*! 

^mziii'f:hiE.mwM<Dwmitx^z,^t-h^^hnx\^^:h {mn'^-xw.i 5) o 

[m^t^X^l 4 1 M.V. Berry and M. Robnik, J. Phys. A(Math. Gen. ) 17, 2413(1984) 
W^n:Scm \ 51 B.Eckhardt, Phys. Rep. 163,205(1988) 'Sc'm.W[\lL^<D^n. 

Neutron Transmutation Doping, NTD) 75^^^|§ $ (##lt:5:i^ 1 6 ) o 

l#^#B^:5:i^ 1 6 1 K. M. I toh, E. E. Hal ler, W. L. Hansen, J . W. Beeman, J . W. Farmer, A. Rud 
nev, A.Tikhomirov.and V. I. Ozhogin,Appl. Phys. Lett. 64, 2121 (1994) 

mm-hm'Sk LJ:^ t-r^ mm] 

[0 0 0 91 

x^^^miim^^mmi>zm^^ixx\^-fzfzi6. x n fZ^mmizmi-ij ^ :^ii^mm-t ^ ^ t 

10 0 1 01 

cKD^m^m-ikLxd t-t^mmmit. ^-<Dun^m^-xi>. 
mm^mmir hfztb(D^m 

[0 0 1 1 1 

^mn^^t. '^tmmiif^'ri>±.%i(^umi:m'ik-r^fzibKmi.m^i:n^fz^^^ « 
ii^^^^Ltz^^m^r^ii^^x^ mmm^zi^x. z(Dm^^zm\L^t^hixfz'mi-9h^<Dm 

10 0 121 

ct 19 ?iv^g^^f^14?-J#oG U E (Gaussian unitary ensemble)m^^^ 

isv^T. mi^^&*t-j:oT. z<Dmm.r~m\:^^tbhiy-tzm.i-^<r>^i-iJ^7.^^ium.mK 
. Li)^i>9m:^-hmm-^hzti}^x^. Li}-ii-4--'(Dm^^m^^^xiiZ<DXoti:)um.m(o 
m'm-hm^xhi>z t i ^mL fza 

[00131 

z.<ommii. ±%i<D^M.izm'o\^x ^ hiz^m^n^fzmw:. miii^tifzii<Dxi>i,o 
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[0 0 1 4 1 

. m 1 <7)flit j3 ct CJ^-^ 2 O liJt 4^ -i) jo tt ^ coi^ :^ ^ X 14 ^ tlj^ f -S) ct 9 
[0 0 151 

75^~svnc^4^^— o (7) flit 75^^51 v^m^^^i"^ ^. tic i i9ff^fife$tL;i>^f'^^:tR^L. mm(o 

j3lt>Sm^^.^'^T-nT--f y i> (heterotic)ffii:Df^o ^ 2 OflMOMffl tc^ 1 OfiJt^ 
^ti^^timfX. av^1^x.n(i\ ^2<7)^it*i:o<7)||l co^it-e^^t^^^^■7';^-^x^^ 

^lc7)^j^t^roo^2<7)fi^lctr^^^•t?^S''7'^'^^x^^f^-^f^;tLTiJ:v>o ^ 
<7)^*7;w^xn^f ^^tCiolt-S^T-^?: ^'7'>'U^'r n-r -f -7 (double heterotic) ffiiiPf 

o 

[0016] 

tC(±. 'B^iJx(f#*#: (S i e 4f07U^#2»#:. GaAs. GaP, GaN4'tcoi 

I I -Vmit^^^^mi^. Z n S e 4 t-c7) I I - V I li^JI:'^-^**^:^ <h-) X^^. mi 

(7)mmisxu'm2<Dmmi. ^mmiizn^^u^^h^j:*) . -mmizim^m^^^'k^-r^o 
xnMm^izii. ^v-^m^ii. ^m<D^^um.m'mim^-xmi(Dmitt^j:^k^ 

xfm2(Dwmm.^mz[tmm¥Mi)^^^-fh^^iih^i)\ ^(om^^xi>'iL^^^j:^'&.^ 

[0017] 

mmm^zii. M'¥-:^^^i^zX'^x^^WLmfhix^mT-^.im-tim 1 <7)$MMii^mmm 
tc^f), mn^'-mzx^xmmfi'fhK^mi^^.'tmi-hm2(DmMii^yrA i^m) 

'y^)V-Am^izm<i><DX$,fiii. m-^6^iZlit'<DXo^j:i><OX$>'DXi>X\^^:f)K *MfitJ 

[B] <7)ft ft =^ mT<^ - ^ > >^ ftJ^T 1 1- -2) o 
[0018] 

^y^xj^^^izyj^^fj: i t iim^^rmizmm.^j:f&^-i:mi- ^mrt-imui- ^fzi6izit. 

mi<r>mmisxz>'m2<r>mt$t<r>{i^-^j: < tii-yjizmm^mifhti^o ^<om^. mm<r>m 
^^mm<Dtzif)iz^ ztih<r>mmimmmi:iftLxm-^^o ^iz. ±U(r> x izm i <om 
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[0 0 19] 

-ri>^tizxy). m^^^nm 1 <7)mii.tm2 <Dmitt(Dm(D h y y^y r -^mi (^^i^ 

{^<Dhyy^y7-toXVm2(DmiiLm<7)hyy7,y7-X*)^^lz4^^< mx.i£. 2 

/ 3 \:xrmM) -fh^t\,zx^. m^?**t; ct 19 T > 9'- y y^M^mmzi^^^^h ^ 

hh^ %\<r>mM^XTJ^2(r>mMif'^M'i\.Q 2^ K%t-hi-^^ . \ y ^^)\^ n^) TW^if 
A 1 G a A s 75^"^ 4-^J#'^-C-^'S)o ^fz. J: I9 v^figtCisv^T^tiit; ^ C)|§B^<7)?i;m^ 
fl5I$-i^^/::i6<7)ttjtt LT(±. 0iJx.tf. ^ 1 OWJS J:(y^~^2 <7)|iJt75^--^tiW I nG 
a A s -b-hti: ^ . h >^^;i//s'; TtIJIctJ^^A 1 G a A s J: ^-X^-f^^^y K^7-t -7 

[0 0 2 0 J 

[0 0 2 1 1 

h^j:^^Tum^i<zmwiWMi-^z ti^zx-ox. z.ixh<Dm 1 (D^mii xvm 2 (DWM 

t.xn^\zmn-fh:L}iifx%:b^ ttz^ ^ix\t^y-u^^^mm\z^^>:^mA<^mm.r~ 
xhta^^o ^hiz^ m^comui^zm^xyj^ji^^miitommiij^^m'r^ztiizxn. mj- 
:^^>^^ix'oji:mmizumi-^^t^^x^^o ttz. mi<omMtm2<DWMt(7)m<D 

Yyyy^yr-^mi <r>WMP^<^ Vyy^y r-isxrim 2 ofiJtrto h y yy^yr-l^X 
T t-ri>^ti<zxn . Tyr-yyU^imM^zlS,:L^^^:zti)^X^^o 

[0 0 2 21 

wf*5tti i o T mm-^ i'irhix^m^^^^^-ti>m2(DmMt^. ^tih(Dm xm^<om 
^:^^-^m^j:mmxs.^^^zmmLxmm^t^zx ^^y^um^^^mf&L. z<d^7-u^^^ 
ci!'^'S^< t iim^^mirzmm.^j:j&^^m-r ^m^^mai- ^ z t iz X :itih<Dmi<D 
WMis xifm2(7) mm^^ ^ ^ m tt ni-9h<^m^ i}^y^ii^ftmmizL^^i> ^m:^^ 
hBm-r^^ ti^^x^. tfz. ^-<Dumm^^xi,z.(Dx^^^ft^m<Dmm:^^'^t^X'^ 

i>o ttz^ Vyyy^y7-(D^mti:m.lB^zx^. Ty:9'-yy^f$'^^MizB^^'^^^ 

ti}^x^ho tfz. mwwmi<zi]Q^xmj-^.<Dy ^)u^mw:<r>umi^mi-^^ti,zX':^ 
-c. m^^^<omj-ij^:^ii^x*)jj:mmizmmir^^t^^x^^o ttz, r-f)\.^7-uy- 
-J '7^<r>t^m\:zx^ . n.=^ih(r)m.i-f]^ys'i^^^h\z]j::Mmzwm-f^^hifx%h^ 
[§tm^mmi-^fztb(om^mm] 

[0 0 2 31 

m 1 (Tymmwm 
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[0 0 2 4 ] 



[&21 

^2 = E + E + H.C. (1) 

fzi-zLZZX\ <p, q > {±«:ia?^+t--r b =^l;P*i-^o 4 t (± h 9 > 7 r - "^ab -5> 
o y y y^^i-'T^y-y ^ jviivp izX^xmX^iti>o ZZX\ vp 

-V/2 < Up < V72 (2) 
[ 0 0 2 5] 

V / t § ft tLiS^T > i57" - y > ^ S2 C L , mmXm t^j:^X^^^ Xh ^ n o 

A .-K 7^ > V ;k7) M/J)^ t^n t J tvh $ < T ^ . -tf u -r- ^ tt T (o—n'f-^m {± ^ 

[0 0 2 6] 
[^51 

Hi\Tn) = e,n\m) (3) 

X^^o tztl\^^ m—d, 1, 2, • • nXh^o 
[0 0 2 7] 

^-Tx n + \m<r>wi-m\iL 
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m9] 

UJj = €j - (4) 

t'ti>o tifzL. j = 1 , 2, • • • , ntLfzt^. 
mi 0] 

1 " 

^ = -E'^i (5) 

£0 = 0 (6) 

-j m 771 

em = =E'^i = Efii (7) 

mi2] 

= # (8) 
Tib^o ^0:|;^t^|&JS (the density of states) fi 
mi 3] 

"C^tt^^t. -S-O^^S^ (the staircase function) 
mi 4] 

X{f)= f dvp(v) (10) 

^ft^-t-So t#<bnfcstaircase functionti, 7 > 7 ;t - :^ ^* (unfolding) ^: ^ 

Lxnhi^fzM^mitL^m^^. m^mi^mfrntLxmiimmummm^'-^p (s) 
4yyt^-9(D/^z m\mH\n-f^o ±.m^m^XMi 2. 1 3 tciem^nxv^^ i 

[0 0 2 8 1 

m&^mummm^^p (s) tAs ^ttitiPoisson :g-^<^)^)<^) 

mi 5] 

Pp(s) = e- (11) 
A3(n) = (12) 

T^<|Ej*&tL, ^ ^7h<om'^. GOE (Gaussian orthogonal ensemble) ^^<D 

ii<D 
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mi 6] 

(13) 

+ 0(7i-^) (14) 
[0 0 2 9 1 

i±L- = 1 6 0 0-C^)^o Mlrmmi n = 20l75^^n = 80 0 «0 t O ^-fljffl Lf^io t = 
[0 0 3 01 

|gl2 i;ftfiJgiiiir^PHlPi:S^^P (s) HISIIAs ^ft»^^-L/Co VtLTV=2 
, 6, 10, 14, 18, 2 2 ^m^^fzo V=2<Dm^. ^.(DMl-miiWimi GO E(Dii 

^Os:T-2^f4^Stt±Poisson :S'^(7)^)<7)-e^< ifij/fi^ tL. T y V - V y M^A-kW, (oT 

« ^ <7) -f b r V > ^ o 

[0 0 3 1 1 

La) {±> mT-<7)3 t-p>X:SiiJLTT'af>>S,o IP 1 p #a (^mT* t^ST-^^^1-'& 
1^1 7] 



mi 8] 
mi 9] 

H 

[15:2 01 

p p p 

(15) 

fzfzLZZX-. <p, q > h ^liR^-r^o ^ ;'^> ti (i^ 1 h 

7>^7T-. t2 {i||2^(D h7>^:7r-, t3 li^imt^2mt(r>m(Dhy>:^ 
yr-X'$>^o ^im<r>^y'^A:^7-y-y\)v^twp \,zx^x^x^ii^o cic-e, vp 
(± 

[^2 11 

-V,/2 < t/p < Vl/2 (16) 
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oTjiA^^x-So ClClt?. wp ii 
m2 21 

K2/2 < tOp < V2/2 (17) 
I 0 0 3 2 1 

i£. Vi /ti <V2 /t2 coif-^t-li. ^ 1 <7)^75^Mi^;^>*-7.m;oTJrfM#tt'bti>i. 
[0 0 3 31 

1 0 0 3 4 1 

t3 > 0 (7)^>g-^#x.^o icoB#. z:oo^t±MT-fi-j'S^^'^^1--&o ?5 1±. — S 
[0 0 3 51 

mmii2 L- = 3 2 0 ox-^^o ^mtmitizx ±^0:^ 

mzX ^MJ-mitLmfm^nnir^o mj-mittt LTi±n = 2 0 1^^'bn = 800O^{><7) 

^mmLfzo i^j^Tmfnxii. ti - t2 =1, ts =0. 5, vi =2. V2 =20^ 

[0 0 3 61 

EiS lcSia«2^f£F5KPB5t^P (s) 116 HAS ^Itfi^^L/Co ?5 O-fit t LTfi 
. 55=-4, - 2. 4, -0. 8, 0. 8, 2. 4, A^m^^fZo ?5=-4 0it^". 
[i^°y-y'y^)Vs[-^.)V^'-(D^\^^'^\m^z§ri<7ym.^'giW^X^^'f^o -r<7)B#, GOE 

v^;i-m:^i^SLO^H/^l|2^T"O^Si|ii7i^ii;/ct. MT-^^f^^ftii^'fb LTv^ < o ?5 = 
4 t -e ^ >S <!: . mT- fi T- > V ^ ;u ;v 4^" - <7) (£ ^ 2 ^ # < <7)^SiIis ^ # o T^j^^SE 

[0 0 3 71 

m L T liSakaki h (c J: -S^liTj^^^ ^2) {±.%Z^^^g^XU 10, 1 1 ) o 
[0 0 3 81 

m 7 n^o^ 1 (D^wmm^z X. ^mi-h 7.mm.(OM,^&^tj:m^m^7r^-t o ^7 n^i- 
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t LT«^^H^Hg 1 2 tC{i7F»75i^i«itJS m^i£ (1-2) XlO'^cm-') (cK-^$ 

1 2o±Mt3^#tMi 6=^^rLTm®i T^mj^z^itx^^^^o 

[0 0 3 9 1 

AiZ7Fi-xii<z^ mul 8±iz^^emi 1. 13, 1 2^m>xm.M^-^^o ^^mf&mmt 
LTti, ^m^mit^^mmm (mocvd) fe^^T-i^j^tr^^v- (mbe) ^^t- 

>x^z^ m^ami 2±^zmmmi e^Mf&L. ^h^z-^(D±^zmmm. mK.i£^mm^ 
Mj^Lxmui 7^ff^^-r^o ^iz^ Eis B (i^-Tct ^ ti, mmi 8 ^Mmmm^j: t'iizx 
<om^-r^o ^I'Z^ mscfizm-rxdi^z^ mmLfz^^Bmi i±iz^mmi 4^mf&L. 
^hK^cr>±izmmm. m^is^mm^Mf&Lxmmi s^^imi-^o -^t^, ^<7)ft^^t 

[0 0 4 0] 

t^$4.<;)^#:0ij=^^tf^ i:, ^^^3^1 1 i: LTT > K- a A s ^> m^nmi 2 tLX 
S i F-yC a A sg. ISh^b^ 1 3 t LTT > K-^A 1 G a A s ^ (A 1 ^^tifUxtf 
0.3). ^liMl 4. 1 6 t LTS i O2 Wmi 5, 1 7 t LTA 1 1 8 

t tT#^lt1±G a A s^^^fflv^^o 
[0 0 4 1 1 

m9\zz.(Dm 1 <7)^j£?f^t^tc i ^MT-p^^^^^(7)^ife(7)ttii^j^^f o m 9 tc^-r i 9 

2 2 h y^^)V^<^)Tt LX(D^^um 2 3 ^^VLXm^tim'^Km^LX^T-u^^i)^ 

*^vM.it&T-X|5S7j^^S*:)T^^^vO . ^2^i: LTO^H^^ 2 2 (il&T-^fiSj^^'iJ'^'Sr < i: 
^>*Sb1,^2 1 J: i9 ^>^<d^ft1-So m^Bm2 1 t LT<7)|gB^Bg2 

4 . mT-ttl&S L-COlga^Hg 2 5 is J: Xfm^m t l.X(D^^Bm 2 6 a> IS 

B^®2 2 tC{i^ft^ t L-C<7)|gH^Hg 2 7 7j^~|g^"$^TV^-5,o ^LT, ISh^h® 2 GOAMtc 
2 8 -hm^ $ tL, ^H^H^ 2 7 <7)±M 2 9 ;<)^'f^^ ^ T ^ „ 

[0 0 4 2] 

#f|-<7)B,fl>:^^#tf>2, ^B^^ 2 K 2 2 h LtrT> K-T'G a A s^, m^BM 2 3 
, 24, 26, 27<hLTT>F-yAlGaAs^ (Al Mii^JxfiO. 3) , ISb^ 
^2 5 t LrS i K-7*A 1 G a A (A 1 afiScti^Jx.ti 0 . 3) , mS2 8, 2 9 t 

LTA 1 mim^^i>o 

[0 0 4 3 1 

com 9 t::^1-»T-;^/*;^^Mt-i5V^T(±, ISb^b^ 2 5 T^^f^^^^? ti^mT-Ti^'^&T-^Pil 
O^Stv^ISbSh^ 2 1 ^B#, .^f±#^6^ti^l*l¥v^. •S;^2 8, 2 9 PalomfSMm: 

^xm^i)^^i'Xm(oi)i>i(U^Bm2 2 ii^i^jt^fb^jx^ ^jtryv-vym^n^t 

[0 0 4 4 1 

.^.^;^f -s^jic-!:, mM^^mzx^xsi^miiifhixi>m^^^'^mi-^mm.t i:^^^^x 
izf^m-r^^t^^x^^o tfz. ^o^-rn^^(±, m-<ou^^my^^xmMi<zmm-t^ 
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I 0 0 4 5 1 
[0 0 4 6] 

7 >- ^ A .-K X > V ^ ;u <^ mT-^^j; V ^ T ijiig -r -2> o 

11^2 3] 



[15:2 4] 
[ic2 51 

^2 = - E Wic, + E ^P^l^ + H.C. (18) 

{P.9> P 

m2 61 

-V/2<v^<V/2 (19) 
f± 

[15:2 7 1 

tp., = exp(27ri^p.,) (20) 
[0 0 4 7 1 

[0 0 4 81 

5 ;u h — T >■ 
[1:2 81 
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m2 91 



ms 01 

^2|m) = e„(m> (21) 

r-^b-So fzfSL. m=0, I, 2, • • •, nX'^^o 
[0 0 4 91 

i-r\ n + 1 ^OfiT-TO 
[^3 11 

Cm 

[^3 21 

o-j = - Cj_i (22) 

tf -So Tli/it, j = 1 , 2, • • • , n t L/::i: 
[^3 31 

^=-J2'^j (23) 
[|<C3 4 1 

£0 = 0 (24) 

Em = =E'^i = E^ii (25) 
>=1 i=l 

ms 51 

= ^ (26) 
61 

p(^) = ^-5:y E^C^-^m) (27) 

[^3 71 

A(£) = /' dv Piv) (28) 

J —00 

^lt*i->2,o tf^tLf^ staircase functionfi. T >' 7 -^I'T'-r ^'t 9 ^{^^ffl v^-g> 
[0 0 5 01 

nl«55'^<^^'g-, :fti5^?|lfViFB^r^Pi^^P (s) iiAs ^StittPoisson ^^fifO ^) O 
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[^3 81 

Pp(s) = e-* (29) 
A3(n) = ^ (30) 

-e^ < ISii m^iJt:^?h<om^. GUE (Gaussian unitary ensemb!e)55^^<^^)<7) 
[15:3 9] 

Pgue{s) = ^e-^»VT (3 J) 

A3(n) = 2^ [log{27rn) + 7 _ + 0(n-») (32) 

[0 0 5 1 ] 

mTtC7j^i-i5:jitft»T-(iL = 6 0 tt. )l|a«e^Jt#^f1^^fflv>^C<htc-r^o 
(±l2 = 3 6 0 0 -e*)^o MT-i^'fifi n = 20l7)-ibn=180 0 <7) ^) <7) ^flj^ L /Co $ 

[0 0 5 2 1 

11 1 0 tCfl:i5^MF^P^Pi:^>f[jP (s) mi ItCAs ^ltM:=^^ L/vio VtLTV 
= 2, 6, 10, 14, 18, 2 2 ^m^^fZo V = 2 <Di^^. ^.omj-miiLmmiiGOE 

. M:T-iJ coir ixi}^^X tit ^iii>i. ^i)^~>X7t'^^)^fzis^. T > V > 

o 

[0 0 5 31 
[^4 01 



m4 n 

[^4 21 

H 
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[^4 31 

p p P 

(33) 

m4 4] 

-^1/2 < Up < Vi/2 (34) 
[it4 5] 

-^2/2 < < K2/2 (35) 

^Jx.(i\ ^^t/^v^in^^T^RSO^A^tHJ: l9*A1-^:i t75^^T'#^o h9>X-7T 
im4 61 

*(2) y(3) 

l± 

Ii§:4 71 

4|) = t,exp(27ri&(|)) (36) 

<j,!H*2«xp(2TtO (37) 
ff) = t3exp(2,rz^(^)) (38) 

1^4 81 

0(0 = -0(1)^ 0(2) = _^{2) 

l^^l < !C>| < e/2. |0C3)| < e/2 

[0 0 5 41 

t-r. t3 =oco. mim tm2mty)^iitm^tix^^:^m^^ 

^^ho vi /ti 75^'5c^vjN$ttnii\ m\m^t^mv<.m<^y ^^^<wiWtti:ho V2 / 

[0 0 5 51 
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^^fljffl L/Co JiiTcOlt^t^-fi. ti - t2 - K t3 =0. 5. Vi =1. V2 =12 
[0 0 5 6] 

mi 2izm&mmi<Lmmm^^p (s) mi 3 has rnvfrn^T^Ltio <i><omtv 

T{i. <f,=-A, -2. 4, -0. 8, 0. 8, 2. 4, 4 '^fflv^/co <j>^-A(Om'k. 
7- >- V ^ ;w J: ^ ^gL<7)}i[ L v^il 2 S X<Dm'^ifmf: L . »?-i^fi^tt«±^'fb L T v> < „ 
[0 0 5 7 J 

±fEm(o ^tkt^ mi <Dmmmtmmx^^o 

[0 0 5 8] 

^.^:^-r^mmt. -^m^mzx^x'wmfiirhix^'mj-^.'km-r^mMt^^^^^. 

[0 0 5 9 ] 

^ 3 (Pmmfm 

^^^m-r^^mt. nm^^ kx^ xmm-i ifhti^ ^m-t^mmt (d^^^ x ab 

[0 0 6 0] 

^1 <7)^Mm^.-ei$^/^^vi(3j; nmi^mitLmm^tm-r^o i^j^ri^zTj^-rmmmx 

{± L = 8 0 ^ L> ^^tCji,^a^±t##fi^^mv^-2, C i: tl-f^o ^^i-;«?J^:(± 2 L- =12 8 

0 0-e^^o mmmitizx^j:-^^)\^^'-mmmi^^. m^mumfm^tm-t^o i^:x 

Tmfnxa^ ti = t2 =1, t3 = 0. 5. Vi = 2. V2 =2 0^@^L, ^5 

^LxmT-ij^7.^^mmir^o 

[0 0 6 1 ] 

i-f. m^mUt LT n = 2 0 1 /0^<b n = 3 2 0 0 O ^> O ^fljffl L/^It»^J^^1-o El 

1 4 t:fti5^?»e:r^p^Fi^^p (s) iiii5tcA3 mnm^mLfza i,(DmtLxii 

. ^=-6, -3. 6, -1. 2, 1. 2, 3. 6, 6^fflv^/jo ^ = 6 <7)i#'a-> M^lt 
+r X > V ^ (Di&y^^m 2 ® tc# < oMipi ^J#o T#^£ L . T > v > ^ 

^^'ftL-Cv^<o ^ =- 6 ti^T*JS^>2> i:. #Jlflt|-C-^)i9> G O E:^;fiJ-e^ < fe^$^^-^,S^=■ 
:^ H ^ o 
[0 0 6 2 ] 

i;k±<Dm^^-h. <f>(Dm\:. otn^i^h<DZLmiM.<n¥f^^^'^^iuzx^x^ z<d 

^<^4T-**;^.1±<^^p^^fi6^(-;|S-<^/cii). Berry-Robnik^-f ^ p< - ^ ,o 
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x-f^ {t¥^^xm \ 4) o t-r. 

•p = \- p 

u 

Fa(s. p) = p^e--erf (^) + (2pp + e----^^^^ (39) 

ims 21 

erf(x) = 4= /~ tl'" (40) 

?:fflV^/io ZcomWPi (s, ^) p = 1 OB#Poisson ^--^COP (s) t— i^cL. p 
= OOB#GOE5t^<7)P (s) t-^-f^ho^tn. Ot^h l^tmt^^^^t-r: 
. S^^;?7^7>.^.75^^Plft5f^.t-C-04i^mf£^Bt^I^}f1-'?)- <h Berry- 
^ohmk/^y ^-9 t\i. -oXUhixtz? (s) ±fSP2 (s, p) "C* 

-e^ -So 

[0 0 6 3] 

±.fEO^Jliott'&Berry-Robnik/N°7 ^ - ^ 1 6 tl7j^-to ^5 O^^v: 1= '^-iiJ-^-eBerry-Ro 

rry-Robnik/^°7^ - 9 {tWPL. <{> = - 2 \,zio\^^X ktmt p = 0 t^PJiS L. ^vi^'MT-:^ ^ 
;^ e<Jl4® ^ ^i- CI i: ^ L T ^ o 

C(7)T---^(i n = 2 0 l5&^^>n = 3 2 0 0 Oj^v^ Ji^.;U+--^l^tcMf 'l.¥*^fitJ 

[0 0 6 4 ] 

<7)ji^WW+*-'fi5c#'tt^l¥ L <^it1-'5)o EI 1 7 tC, n = 2 0 1 n = 1 2 0 0 tX-(D 1 
0 0 0'\t.m^m^^n^mitLm\^t\'^Lfz'ik. Berry-Robnik/^°7^-^^^^L/c^)<7) 
. |Bl#tC n=120l75^'bn-=2200 tX(D 1 0 0 0 ^:»c«^, ^ffl /^i^^, n 2 2 0 1 
75^'bn = 3200 tX(D 1 0 0 0 t^^>^ffl v^/c^^-^^^-To C Dt)^ <b t)^^ i 9 

> 2 0 1 - 1 2 0 o<7y\mm^^^^^-)\'^-<r>vm^mmLtzm^i±. jt«cfivh$^?jo 

'(gtriDV^T^;^:^ ^Berry-Robnik^^°v^ -^7)^#fb^X-rio »9 . ml-M^<^'&.'M.i)^^hftX 
v^So 1 2 0 1 - 2 2 0 0 <7)J-;7-;b^--vjttf t , T > V >$£#75^^|e ^5 19 
# < ^ ^ -eoMfnlti 2201-3200 O HioV^T J: f^^^T'^^o 

[0 0 6 5] 

X. :i(D^.(D'mi-7h<r>y :^)v^m±i}^n = 201 -fj-h n = 1 2 0 0 o Pelt; fig 

n^^^<r>J^''^^im 1 7<7)2 0 1 - 1 2 0 0OT-*-^tCctoT^<fSi£$:}x^-C-*^9o t 
tz^ :i(D^.<D%^7h(r>y x.)\^^m^i)^n= 12 0 \i)^h n = 2 2 0 Q <nfSi{Z^m.'t i>^^ 

. mT^.<7)f&^(iia 1 7<7) 1 2 0 1 2 2 0 o<7)T-'-i?tcj:oT^<fE^$tL-?>-e^)^ 

^ o LT, ::(7)^(7)mT-^<0"7 f^fi;»i^'n = 2 2 0 1 T^^ib n = 3 2 0 0 OF^tZfjiM 

-r^it'^"> mT-.^<7)fi:-^(±Il 1 7<7) 2 2 0 1 T^-ib 3 2 0 0 (DT- 9 \<Z oX ^iWi^^ix. 

^xh^oo z<ozt^^h. i&.^^j^^^)i^^-^zii\,^x X ^ m^m^^i}^iz^^^<Dx^'o . m. 
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[0 0 6 61 

vi (DJ^(DmT-^.<7) 7 ;w 5 m^?r ^ <7)^^^^^-j^<7)aiji^ X if) m^(7)imzm^ir ^ t 

Mill" -2) - t tJ^t i; ^ o 
[0 0 6 71 

Jt^TMfiJtPslO h9>'^7T-^/h$ <fS^i-^wtHJ: 19, M^iJ^y^izw^ryy 

- y ^y'm^ti^MM \z^^^ Xn I'Z-f^o 

[0 0 6 81 

»et)tcP^'5>/>;*:)tCBerry-Robnik^N°5^ ,o^^A1-^o J':JI.Tt;7Fl-|5:'(ilft*-e(i L = 

8 0 t L. -s-®tcjg^fiij:^#^f4^^fflv^^^ tt;-r-5)o ^^•\xmmi-2 L- = 1 2 8 0 0-e 

»-e(±. ti =t2 =K Vi =2. V2 =20^|SI^L, <f>^m^LXMJ-:^^^'\±^ 
mm-ti>o t3 =1/2, 1, 2, 4, 8 ^fflv^/io sT-^if3it LTIi n = 1 2 0 1 Ti-ib 
n = 3 2 0 OO^jCO^flJffi LfZo Berry-Robnik/N°9 ^ - iJ' ^121 1 8 t^i^-To H 1 8 lljoV^ 
Tt3 = 1 ^2 i:M.^ ^ ^^SM•eBerry-Robnikv^°9 ^ - ^7)^':^ i ^1*^^*9. 

o t3 ^^i^b <^^^lZ'Dixx^ ^P147^>^'2L< 4^^v:i:^^~^^75^^o t3 =4fISJ^± 
[0 0 6 91 

tm2mt(D^^^mmtK^^^mti)^s.^^iz^^-^-mir^^t^z:^j:;bo ^<Dt^. m^. 

mt^^^ :z 1 7&^~-e § -Sl^^mtc J: •) ^ > ^ A .-Kx > V ^ )l^^k&ii^m $ tL-S t)^ i 
c7)m^t/t^.^<7Df^#7!>vh i/^ c: t ±ti(Dm^:^^hl^m ^tli>o t 3 75M^ ^ < ^ {Its 

m^j:^mx^&mi^<7):^^^^^M.htii(Dx$)i>o ^<Dm^. ti =k t2 = ix'^^fz 

o iaeoT> M^O/N':^ Kiti§(i'f-tL'rtL4 T-^)oT> CtLj;Jt-<T^:8'/h$v» t 3 OBftC, 
[0 0 7 01 

^tc. Inverse participation ratio (jl^M-^^^) i ^M^ico v^Tlfe^f -i)o 
T^iS^-y >te^<7)MWt;i3V^r. Iae3fe;5»fb L{i"Lff>^ lb fL^ Inverse participatio 
n ratio tl±, lUTtl^ft^tL-Sfi-e^-So 
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115:5 31 

«m = El<^-WI* ^^^^ 



r 

[i5c5 4 1 
[^5 51 

If^ 5 6 1 



?r#x.-?)o CI <7> § Inverse participation ratio 
[i^C5 7 1 

ttm = / d^^-^ = - (43) 

tfji^o 'iit-oX^ m^LX^^^i>mM^ZB.iALm\^. ^m^MiZ.ij:i>tMU^tmT&-fi>WX 
[0 0 7 1 1 

C<7)S^>l<7)^HioV^rft#1-'So i-ei±L = 4 0 t L> N=2X4 0^ = 3 2 0 0 

1*1 -e^i^j-fb Lfzt^^mLxmmi-^^t ^mm xhi>o 

10 0 7 21 
[iJc5 81 

[i!c5 91 

n(£;, W) = {m\E - W/2 <e^<E+ W/2} (45) 

X$>^o vltl(iO^«9, 
[15:6 01 



o C^-eti, W=0. 4^rfflv^7to 
[0 0 7 31 

mi 9 II (4 t 3 =1/2 OJ^-^-, EI 2 0 (1(4 t 3 =1 <Dm^^. HI 2 1 H (4 1 3 =2 (Om 
-g", I212 2(3f4t3 =4 0^-^, ill2 3IC(4t3 = 8 (Om^^^T^LfZo Ztih(OmX'li. 

^=-6. ^ = -4, ^=-2. ^ = 0. ^ = 2. ^ = 4, ^ = 6 ^-fflv^^-o -en-rtins 
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. a (E, W) 7!>ni^^■t'a^^-r^it75^'#^tLT, -eoflitTi^'jS inSKi-r-S^ti; 
[0 0 7 4] 

112 4 t3 <7)/h$^rt»S^>i: LT<0»T->^^>^^®<0:i:ft:^J^^i-o 

[12 4 ii^-r i ^ t'^. z<r>mi^ij^^mmi^is^^rii. i?ijx.ii'T> k-^a i g a a s 

/i^^^^^li^SU f?iJx.tiG a A s 75^t>4-*^M 3 2 . '^ij;^ T > K- 7°A 1 G a A 
s^^h^j:^mmm ih>^^J^^<')T) 3 3, -^Ux-ifT^ K-7°A l G a a s;0^^>4^^fS2» 
^ 3 4isXV'm^l£T> K-T'A 1 G a A s ^^^ib^^^^l*^ 3 5 Ti^li-Jc^^ $ tiTdo t) , 
T^^fbHit^A 1 G a A s /G a A s /A 1 G a A s /A 1 G a A s /A 1 G a A s 

-V-'Hizf A$^^Tv^^v^7&^, ^A$^^Tv^r*^)fttMi"'5)vli:7&^^-e|;>2) lx'-?;i/-Cib-2>o Cl<7) 

3 4 ti^^S^^jti-.^^l-^T'^^o S Tt:. {i^mm 3 4 ^Mt"^ A 1 G a A s OA 1 lijjSc 
{±. ^<7)fS*^ 3 4 <7)f53»^OJ^ (TIS) <7)ji^.;i/+--7!>?^;a§3 2<7)fS*^OJg(7)Jc^. 

J: i9^i'^Li^v>75^ |^M3 3 J: 3 5 <7)fSS^(7)jgo jc^. J: 19^^ 

t-'fg:< J: 9 t-illfti^o H^ti^^a&t-^Ti^ ^It^ 3 5 ±*5 J: 3 \<dMM\^ 

0 ll2 5t;*3V^T, Ec \t\imm(r>m:(r>:t.^^)\yi^-^ Ev {±«ST-m<7)Tl± (±^) C^j:. 

[0 0 7 5] 

^T^n^f^^f^/jKL. Z<D\%^ m%fMf^(ryYyy7.yT--hm%fMn(D\^y7.-77-i. 

Utter ^i5'--y>|s#^^^$-iJ:;i>c:t5&^~T-^^o *7t. CK^^^n^-^ti. ^-<7)^tf4 
[0 0 7 6] 

^ 5 (pmmmm 

(D^^^^^x$)^iry)^^7-^m^^i:m^^fzAj-:^^^mmx$>^o 

1 ^ y^)\^^y-u^^i}^fi,jtsL^fLx\^^i>o zixh<Dm<Dmi^^m {^=^^.m^m^ a t-r 



me 2] 
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me 3] 
me 4) 

H 

11^6 5] 

0>,9> (P,9> (P.9) " P 

P V P ^ P 

7t/itcic:T% <p, q > (±^^i*i<7)^iS^t-9-^ h **;P*1-^o ti {±|^lgOh 

7>^>«^:7T-. t2 2 h 7 -7 r t3 it^zmo Y y y r ti2{i 

-Q-^ho mimfOy y^i^^'r-yzy^ )Viiup izX^X^X^ix^o up (± 

[i5[6 6] 

-VV2<«p<y,/2 (47) 

A$^^-5)o vp (i 

[^6 7] 

-K2/2 < Up < K2/2 (48) 

izX^^f&^n^yyVA^W-C'^^o tti. msmoyyV^^'Tyi'^J^liwp 
■oX^A^ii^o -ci-e, wp (± 
me 81 

-V3/2 <wj,< F3/2 (49) 

J: O^^^^x-S 7 >^'A^|§:t:-^^o ^tih(Dyy^'^^^y-yi/'^)Viit^ 
[0 0 7 7 J 

t 12 = OOit-g-. ^lgt^2^<!;{±2v^(c5t^$nTv^;S>o t23-0<7)it^, ^2^ 

<^ii. ^lmtm3mt<D^iiJ&^^'y'y'y^)vmtLXj»X^i^Xi5n . C<7)/n-^^-^ 
[0 0 7 81 

^4 O^MBi^<!: I5]^i^#i£tc J: 19 . C C -e#x.Tv^^.^l'C^ v^T Inverse participat 
ion ratio ^Ht#f -^.o C >l-t:(4L = 40<!:t. N = 3X40- =4800 ^mMW.^t 

^j:^o mwMM (E, w) iimmmmizitmi-=hmx$>:h<DX\ 
me 9] 

D{E, W) = n{E, Wyfim^ (50) 
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mi 0] 

Min^=mSLXfJl{E,W) (51) 

imXLfZo JiJ.Tt:l±. W=0. 4 ^ffl v^Tftft^tfo /io 
[0 0 7 9] 

X ^ j:.^^)i^--m^m. m^rmk't^i^. ^-v^mctzu-i^i^zx ^ a (e, w) . d (e, 

W) ^ft»1-'?)o i^Tcoit^-C-fi. ti =t2 =t3 =K ti2=t23 = 0. 5^fflv^-C 
[0 0 8 01 

*SHt)4N Vi -2. V2 =2 0. V3 = 2 <0J#^-tZOV^T. [g|2 7 IC(± 1 - « (E, 
W) 112 8 tiiiD (E, W) ^^LfCo >l^x^O(Il-C-(±. = - 1 6 . <f=- 1 2^ 
<f>=-8. ?5=-4. ^i = 0, = 4 . ^ = 8> ^-12, = 1 6 ^fflv^/^o --<7)i: ^ 

;^fp]tc-f ^ LT^^LT^^o HI 2 7 Ti-e^t/i*^^ J: 9 1-a (E, W) 7i^lit?lt4^ 

i: ^ ti^Kii-^ ztizxn. MM^^^mymmi^<7)^m$^m^Lx^^i,o n 2 8 i 19 . 

oTtg-e* ^ ^ t t^jf^ $ ^ix/co 
[0 0 8 1 1 

M^tLTVi =20> V2 =2. Vs = 2 OO^^HOV^T, H 2 9 1 - « (E. 

w) Bisot-D (E, w) ^Tf.Lfzo ^<Dt^. ^jim^myi^mmym^m<D^m. 

tS^i^4^ LTV^^o l-« (E, W) tfd:^J^^^)V^'~mM. o i 0 ^J^fi^fiT- 

[0 0 8 2] 

HIS 1 tc^-r i 9 ^<7)fiT-:*:t^^mt^iJV^r(±, '^Ji.ff T > K-T'A 1 G a A s 
^^h^j:^^mm 4 1 . -^Jx-fi'T^ r-zTA 1 G a A s7&^^^-2>feM4 2. 0!lx.(fT> K 
-T'A 1 G a A s :^-h^j:^m^m 4 3 . -^J x I n G a A s ^^h^^^m^m 4 4 . Mx.{f 
7 > K-^A 1 G a A s tJ^ ^ ^ Pt^^ 4 5 . I^UxffT > K-7°A 1 G a A s 
mm 4 6 is J; LK^J X if T > K - 7° A 1 G a A s ib 4^ ^ 4 7 75«M-^fI^ $ i-hXio V) 

, T:d^'^>JliJCA 1 G a A sXA 1 G a A s/A IGaAs/InGaA s/A I G a A s 
/A 1 G a A s /A 1 G a A s <D^y-r3^^^^i)^^^fj^^ixx^^ho C ^ -C\ ^^t^ 4 4 tzis 

C .hTj^T-^ -5) ^'^;i/-e*)>l)o CO^ft^4 4li. 9 >iS^A.-Kx> v^;K7)^A^^d=- 
^^RgOjgAUct l9lf9J^'^^t;(±. T > K-yt-r^ ^ <!:;^^~-C-^ >5,o -1 O^^^ 4 4 (i T 

^--y >^ft^^-rg-e#> 19 . 15^^4 2, A e^i^mmvi.'B'km-fmxhho ttz. m 

mm 4 2 . 4 6 ^tS^-f ^ A I G a A s CO A 1 a^(±, I^M® 4 3 . 4 5 H X VmBm 4 
1 . 4 7cofS*m<7)JSOJ^^^;i/+'- J: "9 5iQ:5tt^fg: < =^-5)^ 9 i,zmi£ti^o mTFlt^mi-^ 

mmm4 7 ±.isxvmmm 4 KDm^iz^ti^timm-^^'B^^fixisy), ztih<Dm. 

o 

(0 0 8 31 
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o 

^-h^j:^mmm s i . m^iti n g a a s 7i-h^^^m^m s 2 . m^itr > k-^a 1 g 

a A s 5 3. mx.itTy V-^A 1 G a A s ^ -2) fS*^ 5 4. mK.i£ 

yy K-7°A 1 G a A s /S^^^^^M 5 5 . -^^Jx-ti' I n G a A s ii-hi-^hWi^m 5 6^ 

J: X 7 > K - T'A 1 G a A s 4' ^ m%M 5 7 7)W,^a§ i3 i9 . Tt^- h Hi 

i-AlGaAs/InGaAs / A IGaAs/AlGaAs /A IGaAs/InGa 
A s /A 1 G a A s co^r n^f -^-Ti^f^jjJt $ ^Tv^^ o ^CC'. ^ft^ 5 2 . 5 6 {ZH^^X 

^<r>%aym\'-^ty y ^ U^^y- y ^ )\'\i%X^i'^X^^ti:^^-h-^ ^MX^i'^X\^^X ^W^ir ^ 
Z.h-h^X%hV^}\^Xh^o -^x^jO^^tH 5 2 . 5 6{i. 7 >.yA*°x> v^;K7)2iA 

5 2 , 5 6(iT>^-V>^^^^i-gT»*l9, 5 4 (iifeJlfim^^^-t^T-^)^ 

o i -fSSS 5 4 ^tiltl"^ A 1 G a A s O A 1 fflJS;(±. WWm 5 3 . 5 5 *3 J: O^^g^t 
^51.5 7 <7)f5#w<7))&cojn^^;i/^'- j: !95E5tt;iS:< i ^ (cMtf^i^o [Il7T^fi^'H& 

-r ^ ^it^ 5 7 _hi3 J: ximwm 5 1 cosm ^ n -^ixmut^Mf^ ^i^ra^^ znh 

o 

[0 0 8 4 1 

X V -f )V^y-xi ^ L . Z<7)^'y')U^7-a^^^ i^zm^Ww Sit 4^ m# ^ ffl Jljn i" ^ 
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